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DETAILED ACTION 



Claim Objections 

1 . Claim 92 is objected to because of the following informalities: "an-type" should 
be replaced with -an n-type-. Appropriate correction is required. 

2. Claim 41 objected to because of the following informalities: In line 1 , "of should 
be deleted. Appropriate correction is required. 



3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

4. Claims 3, 4 and 79 are rejected under 35 U.S.C. 1 12, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

5. Claims 3 and 4 recite the limitation "the silicon substrate" in the first line of the 
claims. There is insufficient antecedent basis for this limitation in the claim. 



Claim Rejections - 35 USC § 112 



6. Claim 79 recites the limitation "the horizontal surface" in line 6. There is 
insufficient antecedent basis for this limitation in the claim. 
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Claim Rejections - 35 USC § 102 



7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application 
by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this 
title before the invention thereof by the applicant for patent. 



8. The changes made to 35 U.S.C. 1 02(e) by the American Inventors Protection Act 
of 1999 (AIPA) do not apply to the examination of this application as the application 
being examined was not (1) filed on or after November 29, 2000, or (2) voluntarily 
published under 35 U.S.C. 122(b). Therefore, this application is examined under 35- 



U.S.C. 102(e) prior to the amendment by the AIPA (pre-AlPA 35 U.S.C. 102(e)). 



(e) the invention was described in- 

(1) an application for patent, published under section 122(b), by another filed in the United States 
before the invention by the applicant for patent, except that an international application filed under the 
treaty defined in section 351(a) shall have the effect under this subsection of a national application 
published under section 122(b) only if the international application designating the United States was 
published under Article 21(2)(a) of such treaty in the English language; or 

(2) a patent granted oh an application for patent by another filed in the United States before the 
invention by the applicant for patent, except that a patent shall not be deemed filed in the United 
States for the purposes of this subsection based on the filing of an international application filed under 
the treaty defined in section 351(a). 



9. Claim 47 is rejected under 35 U.S.C. 102(b) as being clearly anticipated by 
Withek et al. U.S. Patent 5,393,681 . 

Withek et al. discloses a method of forming a vertical structure on a substrate, 
comprising; forming multiple overlying epitaxial layers having insulated sidewalls and a 



top surface (see figure 32). 
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1 0. Claims 1 , 8, 32, 33, 35, 44 and 45 are rejected under 35 U.S.C. 1 02(e) as being 
anticipated by Nakamura U.S. Patent 6,391,692. 

Nakamura discloses a method of forming a vertical structure on a substrate 12, 
comprising the steps of; selectively growing a first epitaxial layer 13 of monocrystalline 
silicon on the substrate 12; forming a layer 48 of an insulative material over the first 
epitaxial layer 13; removing a portion of the insulative layer to expose only a top surface 
of the first epitaxial layer (see figure 4); selectively growing a second epitaxial layer 51 
of monocrystalline silicon on the exposed surface of the first epitaxial layer 13; and 
forming a layer 52 of an insulative material over the second epitaxial layer (see figure 
5e). 

One or more of the epitaxial layers having a thickness of about 70 to about 100 
nm (see column 5, lines 1 1-13). 

The insulative layer comprises oxide, nitride, oxidized nitride, or a composite 
oxide/nitride (see column 5, lines 3-10). 

The insulative layer comprises silicon nitride or silicon oxide (see column 4, lines 
44-46). 

The vertical structure is formed adjacent to an existing gate 46 or word line on 
the substrate (see figure 4). 

The existing gate or word line is electrically isolated by region 44 (see figure 4). 
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11. Claims 83-85, 88-91, 93, 95, 97 and 99 are rejected under 35 U.S.C. 102(b) as 
being anticipated by Mazure et al. U.S. Patent 5,308,782. 

Mazure et al. discloses a method of forming an elevated transistor in a 
semiconductive wafer processing comprising the steps of providing a semiconductor 
substrate; forming a buried drain in the substrate; forming an elevated gate over the 
buried drain by the steps of forming a first epitaxial layer over the buried drain; forming 
an insulative layer over the first epitaxial layer; removing a portion of the insulative layer 
to expose only a horizontal surface of the first epitaxial layer; forming a second epitaxial 
layer over the first epitaxial layer; forming an insulative layer over the second epitaxial 
layer; and repeating the foregoing steps to form additional overlying epitaxial layers to 
form a pillar-like structure having a desired height; each epitaxial layer having insulated 
sidewalls, and the uppermost epitaxial layer having an exposed horizontal surface; and 
forming a source region onto the gate by forming at least one epitaxial layer over the 
uppermost epitaxial layer, while doping (see figures 15-20). 

The step of forming the buried drain comprises doping an area of the substrate 
with an n-type dopant.by ion implantation. 

The step of forming the source region comprises doping the at least one epitaxial 
layer with an n-type dopant 

Mazure et al. also discloses a method of processing a semiconductor wafer, 
comprising forming an elevated transistor by the steps of; providing a semiconductor 
substrate 12; forming a buried drain 14 in the substrate forming an elevated gate 34 
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over the buried drain 14, the gate comprising multiple overlying epitaxial layers in a 
vertical orientation with each epitaxial layer having insulative sidewalls (see figure 12); 
and forming a source region (54, 56) over the uppermost epitaxial layer of the gate, the 
source region comprising one or more epitaxial layers, each layer having insulative 
sidewalls (see figure 14) and the uppermost layer having an insulated top surface (see 
figure 19). 

The step of forming the elevated gate comprises; depositing an epitaxial layer 
above the buried drain; depositing a layer of insulative material over the epitaxial layer; 
removing a horizontal surface of the insulative layer to expose the epitaxial layer; and 
repeating the foregoing steps until the gate reaches a desired height (see figures 10- 
14). 

The step of forming the source region comprises; forming an epitaxial layer onto 
an exposed horizontal surface of an uppermost epitaxial layer of the gate, while doping 
(in-situ doping) with a conductivity enhancing dopant (see column 13, lines 27-30). 

The conductivity enhancing dopant is an n-type dopant selected from the group 
consisting of phosphorous or arsenic containing dopant. 

Prior to the step of forming the elevated gate, a dielectric layer, i.e. an oxide 
layer, (24, 74) is removed from the substrate overlying the buried drain (see figures 2, 3, 
16 and 17). 

The step of forming the buried drain in the substrate comprises doping an area of 
the substrate with a conductivity enhancing dopant by ion implantation (see column 3, 
lines 48-52). 
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The conductivity enhancing dopant is an n-type dopant selected from the group 
consisting of phosphorous and arsenic dopant. 

A plurality of elevated transistors are formed on the substrate so as to define an 
array of transistors (see column 8, lines 53-55-column 10, lines 28-31). 

Claim Rejections - 35 USC § 103 

12. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

1 3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 



14. Claims 1-8, 27-32, 35-37, 40-44, 46, 48-51 , 54-63, 69-71 and 79-82 are rejected 
under 35 U.S.C. 103(a) as being unpatentable over Ma et al. U.S. Patent 5,998,248. 
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Ma et al. discloses a method of forming a vertical structure (raised structure, 
source/drain, elevated structure or epitaxial structures) on a monocrystalline substrate 
1, comprising the steps of; selectively growing a first epitaxial layer 7 of monocrystalline 
silicon on the substratel ; forming a layer 9 of an insulative material over the first 
epitaxial layer 7 (see figure 5); removing a portion of the insulative layer to expose only 
a top surface of the first epitaxial layer 7; and selectively growing a second epitaxial 
layer 1 1 of monocrystalline silicon on the exposed surface of the first epitaxial layer 7. 

One or more epitaxial layers having thickness of about 70 to about 100 nm (see 
column 3, lines 57-61). 

The vertical structure is a source or drain having a height of at least about 10 to 
about 30 nm. 

Prior to the step of selectively growing the first epitaxial film, at least partially 
removing an oxide layer 5 from the substrate (see figures 2 and 3) by using an oxide dry 
etch (see column 2, lines 60-67). 

The insulative layer comprises silicon oxide having a thickness of about 2 to 
about 5 nm (see column 3, lines 44-45). 

The insulative layer is formed by annealing using rapid thermal oxidation (see 
column 3, lines 35-38). 

The insulative layer is removed by reactive ion etching (see column 3,lines 55- 

56). 

The vertical structure is formed adjacent to an existing gate 3 or word line on the 
substrate 1 . 
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Ma et al. is applied as above but lacks anticipation on forming a layer of an 
insulative material over the second epitaxial layer; repeating the steps of removing a 
portion of the insulative layer, growing an epitaxial layer, and forming the insulative 
layer, until the vertical structure reaches a desired height, each of the epitaxial layers 
having insulated sidewalls, and an uppermost epitaxial layer of the vertical structure 
having insulated sidewalls and an insulated top surface; disclosing a crystalline plane 
orientation of the silicon substrate having a (100) plane orientation and a facet having a 
plane orientation of (100), (110), or (111); disclosing each epitaxial layer having a 
thickness of up to about 200 nm; removing the oxide layer by applying an oxide 
cleaning solution to the substrate; disclosing an oxide dry etch comprising exposing the 
substrate to an H2 gas at about 800°C. to about 850°C; using an oxide dry etch 
comprising exposing the substrate to a reactive plasma at about 100°C; exposing the 
epitaxial layer to a dry oxygen gas at a pressure of about 100 to about 200 Torr and 
temperature of about 800°C. to about 1200°C; and exposing the insulative layer to an 
etch gas in an ionized state, the etch gas comprising at least one fluorine-containing 
gas. 

With respect to forming a layer of an insulative material over the second epitaxial 
layer, Ma et al. clearly suggest subjecting the device to conventional processing to 
provide a finished device (see column 4, lines 5-7), therefore it would have been 
obvious to a person having ordinary skills in the art at the time the invention was made 
to form a layer of an insulative material over the second epitaxial layer in the primary 
reference of Ma et al. since it would provide conventional device insulation. 
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Regarding repeating the steps of removing a portion of the insulative layer, 
growing an epitaxial layer, and forming the insulative layer, until the vertical structure 
reaches a desired height, each of the epitaxial layers having insulated sidewalls, and an 
uppermost epitaxial layer of the vertical structure having insulated sidewalls and an 
insulated top surface; it would have been obvious to a person having ordinary skills in 
the art at the time the invention was made to repeat these steps since it is 
conventionally performed in the art in order to obtain a device of a desire height. 

With respect to disclosing a crystalline plane orientation of the silicon substrate 
having a (100) plane orientation and a facet having a plane orientation of (100), (110), 
or (111); it would have been obvious to one having ordinary skills in the art at the time 
the invention was made to disclose an orientation plane of 100 for the silicon substrate 
and an orientation plane of 100, 110 or 11 for the facets in the primary reference of Ma 
et al. since these are conventional and common plane orientation values of 
monocrystalline silicon substrates. 

Regarding disclosing each epitaxial layer having a thickness of up to about 200 
nm it is not patentable subject matter to discover the optimum thickness of a layer by 
optimizing using routine experimentation, therefore it would have been obvious to a 
person having ordinary skills in the art at the time the invention was made to form each 
epitaxial layer of up to about 200 nm in the primary reference of Ma et al.. 

With respect to removing the oxide layer by applying an oxide cleaning solution 
to the substrate, using an oxide cleaning solution to remove oxide layers is conventional 
in the art, therefore it would have been obvious to a person having ordinary skills in the 
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art at the time the invention was made to use an oxide cleaning solution to remove the 
oxide layer in the primary reference of Ma et al. since removing an oxide with an oxide 
cleaning solution is a conventional alternate method of removing an oxide in 
semiconductor manufacturing processes. 

Regarding disclosing an oxide dry etch comprising exposing the substrate to an 
H2 gas at about 800°C. to about 850°C, performing oxide dry etching processes by 
exposing the substrate to an H2 gas at about 800°C. to about 850°C s a conventional 
alternate process for removing an oxide, therefore it would have been obvious to a 
person having ordinary skills in the art at the time the invention was made to use an 
oxide dry etch comprising exposing the substrate to an H2 gas at about 800°C. to about 
850°C in the primary reference of Ma et al.. 

With respect to using an oxide dry etch comprising exposing the substrate to a 
reactive plasma at about 100°C, using reactive plasma at about 100°C to remove an 
oxide layer is an alternate process of removing oxides layers therefore it would have 
been obvious to a person having ordinary skills in the art at the time the invention was 
made to remove the oxide layer in the primary reference of Ma et al. by using reactive 
plasma at about 100°C. 

With respect to forming the insulating layer by exposing the epitaxial layer to a 
dry oxygen gas at a pressure of about 100 to about 200 Torr and temperature of about 
800°C. to about 1200°C; it is not patentable subject matter to discover the optimum 
process rages or parameters by using routine experimentation, therefore it would have 
been obvious to a person having ordinary skills in the art at the time the invention was 
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made to form the insulating layer in the primary reference of Ma et al. by exposing the 
epitaxial layer to a dry oxygen gas at a pressure of about 100 to about 200 Torr and 
temperature of about 800°C. to about 1200°C since these pressure and temperature 
parameters are conventional processing parameters of forming an insulating layer. 

Regarding exposing the insulative layer to an etch gas in an ionized state, the 
etch gas comprising at least one fluorine-containing gas; etching an insulating layer 
using a fluorine containing gas is conventional in the art therefore it would have been 
obvious to a person having ordinary skills in the art at the time the invention was made 
to etch the insulating layer in the primary reference of Ma et al. using a fluorine 
containing gas. 

1 5. Claims 9-23, 26, 61 , 64-67 rejected under 35 U.S. C. 1 03(a) as being 
unpatentable over Ma et al. U.S. Patent 5,998,248 in view of Nakabayashi U.S. Patent 
6,319,782 B1. 

Ma et al. is applied as above but lacks anticipation on disclosing a selectively 
growing the epitaxial process for growing the epitaxial layers comprising introducing a 
silicon-comprising gas over the substrate by heating the substrate to about 450°C to 
about 950°C, and flowing at least one silicon-comprising precursor gas over the 
substrate at a rate of about 10 to about 500 ccm, for about 15 to about 30 seconds; 
flowing a silicon-comprising gas over the substrate at a rate and pressure to provide a 
growth rate of the epitaxial layer at about 20 to about 40 nm/minute; disclosing a 
pressure of about 1 to about 20 Torr for the flowing process; flowing the silicon gas over 
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the substrate at a rate and pressure to provide a growth rate of the epitaxial layer at less 
than about 10 nm/minute; disclosing a flowing pressure is about 0.02 to less than about 
1 Torr to provide a growth rate of the epitaxial layer at about 0.3 to less than about 10 
nm/minute; disclosing a silicon-comprising gas is selected from the group consisting of 
silane combined with chlorine, disilane combined with chlorine, disilane combined with 
hydrochloric acid, dichlorosilane, silicon tetrachloride, and combinations thereof; 
introducing the silicon-comprising gas with a conductivity enhancing p-type dopant 
selected from the group consisting of diborane, boron trichloride, boron trifluoride, and 
combinations thereof; introducing the conductivity enhancing dopant at a variable rate to 
provide a concentration gradient of the dopant within the epitaxial layer; and introducing 
the gas at an increasing rate to provide a low to high concentration of the dopant within 
the epitaxial layer. 

Nakabayashi discloses a method of forming monocrystalline silicon layers using 
the processing ranges, parameters, gases and dopants disclosed above; therefore it 
would have been obvious to a person having ordinary skills in the art at the time the 
invention was made to formed the monocrystalline silicon layers in the primary 
reference of Ma et al. by using the process disclosed by Nakabayashi because a layer 
of superior crystallinity can be formed (se Abstract). 



16. Claims 2, 24, 25, 34, 38, 39, 50, 52, 53, 61, 68 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Nakamura U.S. Patent 6,391 ,692. 
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Nakamura et al. is applied as above but lacks anticipation on repeating the steps 
of removing a portion of the insulative layer, growing an epitaxial layer, and forming the 
insulative layer, until the vertical structure reaches a desired height, each of the epitaxial 
layers having insulated sidewalls, and an uppermost epitaxial layer of the vertical 
structure having insulated sidewalls and an insulated top surface; doping the uppermost 
epitaxial layer by ion implantation using a fluorine-comprising gas selected from the 
group consisting of PF 3 , PF 5 , AsF 5 , and B 11 F 3 ; disclosing an insulative layer having a 
thickness of about 5 to about 20 nm, annealing by rapid thermal nitridation to form a 
nitride insulative layer by exposing the epitaxial layer to ammonia or nitrogen gas at a 
pressure of about 100 to about 200 Torr and temperature of about 800°C. to about 
1200°C,. 

Regarding repeating the steps of removing a portion of the insulative layer, 
growing an epitaxial layer, and forming the insulative layer, until the vertical structure 
reaches a desired height, each of the epitaxial layers having insulated sidewalls, and an 
uppermost epitaxial layer of the vertical structure having insulated sidewalls and an 
insulated top surface; it would have been obvious to a person having ordinary skills in 
the art at the time the invention was made to repeat the steps of removing a portion of 
the insulative layer, growing an epitaxial layer, and forming the insulative layer, until the 
vertical structure reaches a desired height, each of the epitaxial layers having insulated 
sidewalls, and an uppermost epitaxial layer of the vertical structure having insulated 
sidewalls and an insulated top surface in the primary reference of Nakamura since a 
monocrystalline layer of a desire height may be obtained. 
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With respect to doping the uppermost epitaxial layer by ion implantation using a 
fluorine-comprising gas selected from the group consisting of PF 3 , PF 5l AsF 5 , and B 11 F3; 
it would have been obvious to a person having ordinary skills in the art at the time the 
invention was made to used a fluorine-comprising gas selected from the group 
consisting of PF 3l PF 5 , AsF 5 , and B 11 F 3 to doped the uppermost layer of the primary 
reference of Nakamura since fluorine-comprising gases selected from the group 
consisting of PF 3 , PF 5 , AsF 5l and B 11 F 3 are conventional used as alternate dopant 
gases of arsenic doped regions. 

With respect to disclosing an insulative layer having a thickness of about 5 to 
about 20 nm, the specific thickness range claimed by applicant, i.e., 5 to about 20 nm, is 
only considered to be the "optimum" thickness disclosed by the Nakamura et al. that a 
person having ordinary skill in the art at the time the invention was made would have 
been able to determine using routine experimentation based, among other things, on 
the desired accuracy, manufacturing costs, etc. (see In re Boesch , 205 USPQ 215 
(CCPA 1980)). 

17. Claims 86, 87, 92, 94, 97, 98 and 100 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Mazure et al. U.S. Patent 5,308,782. 

Mazure et al. is applied as above but lacks anticipation on selecting the n-type 
dopant from the group consisting of phosphine, arsine, and combinations thereof; 
disclosing a doped area of the substrate of about 50 nm to about 100 nm wide; 
selecting the conductivity enhancing dopant from the group consisting of PF3, PF5, 
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AsF5, and combinations thereof; and forming shallow trench isolation regions in the 
substrate to isolate the transistor. 

With respect to selecting the n-type dopant from the group consisting of 
phosphine, arsine, PF3, PF5, AsF5 and combinations thereof; Mazure et al. discloses 
using phosphorous an arsenic containing dopants, therefore it would have been obvious 
to a person having ordinary skills in the art at the time the invention was made to 
disclosed using phosphine, arsine, PF3, PF5 or AsF5 as the dopant gases in the 
primary reference of Mazure et al. since phosphine, arsine, PF3, PF5 and AsF5 are 
conventional phosphorous and arsenic containing doping gases. 

Regarding disclosing a doped area of the substrate of about 50 nm to about 100 
nm wide, Mazure et al. discloses forming a trench of 0.5 micron or less (see column 3, 
lines 65-66); therefore it would have been obvious to a person having ordinary skills in 
the art at the tine the invention was made to disclosed a doped area of the substrate of 
about 50 nm to about 100 nm wide in the primary reference of Mazure et al. since a 
range of 50 nm to about 100 nm can be obtained by routine optimization of the process 
disclosed by Mazure et aL 

With respect to forming shallow trench isolation regions in the substrate to isolate 
the transistor; it would have been obvious to a person having ordinary skills in the art at 
the time the invention was made to for isolation regions in the primary reference of 
Mazure et al. since conventional desire isolation of the semiconductor device may be 
obtained. 



# 
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Allowable Subject Matter 



18. Claims 72-78 are allowed. 

19. The following is an examiner's statement of reasons for allowance: The prior art 
either single or in combination failed to anticipate or render obvious the limitations of 
forming a DRAM cell on a silicon substrate by forming a gate structure as required by 
claim 72. 

20. Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 



21 . The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Jastrzebski et al., Pfiester, Fitch et al., Rodder et al. and Hada 
disclose processes of fabricating semiconductor devices comprising vertically arranged 
monocrystalline silicon layers. 



Conclusion 



22. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Angel Roman whose telephone number is (703) 306- 
0207. The examiner can normally be reached on Monday-Friday 8:30am-6:00pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, John Niebling can be reached on (703) 308-3325. The fax phone numbers 
for the organization where this application or proceeding is assigned are (703) 308-7724 
for regular communications and (703) 308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 



1782. 



AR 

June 17, 2002 




